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M Lt\ of small cross drainage structures (culverts and minor bridges) should follow the same profile as the
anking road section without any break in the grade hne.

2111, Gradient : The rate of rise or fall with respect to the horizontal along the length nf road
expressed as ratio or a percentage is termed as the “gradient™, Gradient should be carefully selected keepmg
vView the design speed and terrain. Various levels of gradients which are generally adopted for roads are as
given below:

d in any part of road.

(1) Ruling gradient: 1t1s a gradient, which in the normal course must never be exceede
d lengths where Keeping

() Limiting gradient: Itis a gradient steeper than the ruling gradient, which may be used, in restricte
within the ndang gradient is nor feasible.
(¢) Exceptional gradient: It is a gradient steeper than the limitng gradient, w hich
extraordinary situation. g
Gradient upto the ‘ruling gradiein” may be used as a normal course in design. The ‘hmiting gradients’
may be used where the topography of a place compels this or where the adoption of gentler gradients would
involve additional cost. In such case also. the length of continuous grades stecper than the ruling gradients
should be as short as possible. 4
‘Exceptional gradients® are meant to be adopted only in very difficult situations and for short length not
3‘ exceeding 100 m at a stretch. In mountainous and steep terram, successive stretches of exceptional gradients
must be separated by a minimum length of 100 m having gentler gradients. Recommended gradient for different
classes of terrain except at hair-pin bends are given in Table 2.19. The rise in elevation over a 2 km length shall
not exceed 100 m in mountainous terrain and 120 m i steep terrain. In mlly terrain, gradient should be such
an be negotiated with the least change of gears by heavier vehicles to save time and operation cost.

may be used in short stretches only in

thatitc
Tanre 2.19. Recovmiesnrn Grapiesnts ror Disterent Teras CoNninons
‘1 Terraln Ruling Limiting Exceptional
,) Gradient Gradient Gradient
Plain and rolling 3.3 Per cent 5 Per cent 6 Per cent
{1 in 30) {1in20) (Lin16,7)
\Mountainous terrin and § Percent O Per cent 7 Per cent
steep terrain hay g clevation {1in20) {1in16.7) (Lin 14.3)
more than 3,000 ni above the
mean sca level
Steep terrain having 6 Per cent 7 Per cent 8 Per cemt
clevarion more than 3,000 m (1 16.7) itin 14.3) (tin1l3)
above the mean scu level

In the plain arca, as the road is used by slow moving bullock carts and motor vehicles. gradient adopted

should be such that it will not have adverse effect on bullock cart raffic.

2.11.2. Grade compensation at curves : At horizontal curves, the gradients should be cased by an
amount known as the *Grade Compensation” whichis intended to offset the requirement of extra tractive effort
at curves. This may be calculated from the following formula:

Grade compensation (pef cent) < (30~ Ryt

Subject to a puamum of 75/R, where R s radius of the curve in mieters.

Since grade compensation is not necessary for gradients flatter than 4 per cent, while compensation of
the grady they need not be cased beyond 4 per cent.
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